Objective: To conduct a systematic review of the literature about the symptom of rumination in bipolar disorder (BD). Methods: We searched the MEDLINE (PubMed), ISI Web of Knowledge, PsycINFO, and SciELO databases using the descriptors ''rumination'' and ''bipolar disorder'' and no time limits. This strategy yielded 105 references, of which 74 were selected. Inclusion criteria were studies involving patients with BD and the use of at least one validated scale for the assessment of rumination. Review articles were excluded. Seventeen articles were ultimately analyzed and included in the review. Results: Rumination is present in all BD phases, is a stable interepisodic symptom, is associated with symptoms of depression, anxiety, and hypomania, and may occur in response to both positive and negative affect. There is no research on rumination and neurobiological findings in patients with BD. Conclusions: Rumination seems to be independent of mood state, but shows close relationship with it. It is possible that rumination has a negative impact on cognitive and executive functions, particularly inhibitory control. Finally, rumination is an important symptom in both phases of BD, and, therefore, may be a useful target for further exploration as a dimensional domain and a transdiagnostic phenomenon in Research Domain Criteria (RDoC) projects.
Introduction
In bipolar disorder (BD), during either manic or depressive episodes, a rapid thought process may be a core feature. This feature is frequently associated with ruminative characteristics of thought. Several studies have shown that patients in a depressive state increase rumination after experiencing negative affect, especially when they have low positive affect in daily life. 1 Therefore, rumination is considered to be an indicator of the onset and severity of depressive episodes, in addition to mediating differences in depressive symptoms between men and women. 2 However, rumination in BD or mania is much less studied.
Some authors consider rumination to be a coping strategy, 3 whereas others see it as a persistent, repetitive maladaptive phenomenon that occurs in response to life events, characterized by self-centeredness or focus on symptoms of distress and on its possible causes and consequences, thoughts that are difficult to control. 4 The most widely used definition of rumination as a psychological symptom is that of a process of perseverating thinking about one's own feelings and problems, instead of thinking in terms of the specific content of one's thoughts. 2, 4 Rumination in depressive disorders has been studied since the early 1980s. However, interest in studying this phenomenon in other mental disorders has only emerged over the last few years, 5, 6 after longitudinal studies involving patients with BD pointed to an association between BD and affective instability, self-esteem, and coping strategies. 7, 8 As a result, the mental responses of patients with BD to emotional instability started to be assessed in an attempt to better understand its role in the development and maintenance of symptoms and of the illness itself. The objective of the present study was to conduct a systematic review of the literature about rumination in patients with BD, in the states of mania, depression, and euthymia.
Methods
The MEDLINE (PubMed), ISI Web of Knowledge, PsycINFO, and SciELO databases, in addition to Google Scholar, were searched using the terms ''bipolar disorder'' and ''rumination'' (rumination is not a Medical Subject Heading [MesH] term) and no time limits. The survey was conducted in January 2014.
A total of 105 references were found (24 in PubMed, 18 in ISI Web of Science, five in PsycINFO, 16 in SciELO, and 42 in Google Scholar). Of these, three were books, two were videos, four were articles written in Portuguese, and 22 were duplicates and therefore excluded ( Figure 1) . As a result, 74 journal articles were selected for abstract analysis and 36 for full-text analysis. The inclusion criteria were studies involving patients with BD and the use of at least one validated scale for assessment of rumination. Review articles and studies involving caregivers of patients with BD were excluded. After application of the inclusion and exclusion criteria, 17 articles were included in the review.
Results
The results of the studies included in the review are summarized in Table 1 .
Rumination in BD
Despite the preliminary nature of studies involving patients with BD and the scarcity of data about rumination and mixed states, 8, 23 rumination was found to be present in all phases of the illness, including during remission. 8, 24 One aspect that stands out in patients with BD is that rumination may occur in response to both positive and negative affect 22 and remains present as a stable symptom in between depressive episodes. 20 Rumination is associated with hypomanic states when occurring in response to positive affect, and with depressive states when in response to negative affect. 25 Patients in the interepisodic phase have been shown to be more likely to ruminate when faced with positive and negative emotions when compared with healthy controls. 18 There is also a tendency among patients with BD to ruminate in response to negative affect when in hypomanic states, with a focus on their positive affective experiences and their own positive qualities. 7, 22, 25 Patients with BD use maladaptive cognitive strategies (such as rumination, catastrophizing, and self-blame) more frequently than their family members 17 and healthy controls, 9,10 and use adaptive strategies such as reappraisal and putting into perspective less frequently. 
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Two studies have investigated the role played by rumination in the relationship between suicide attempts and mood disorders. In the first study, BD patients with higher rumination scores also showed higher suicidal ideation scores. 23 The second study assessed adults with childhood-onset mood disorder and found that patients who attempted suicide were less likely to use adaptive cognitive strategies to deal with their depressive symptoms than those who had never attempted suicide. Moreover, patients with the highest rumination scores were also the ones with the lowest scores for adaptive skills. 19 A methodologically different study involving patients with BD was conducted to investigate the association between mood, self-esteem, rumination, and coping over time, controlled for depressive and manic symptoms. 12 That study revealed that low mood and self-esteem immediately led to rumination, whereas positive mood and high self-esteem could trigger risk-taking behaviors. 12 In the same study, high levels of negative affect and low levels of positive affect led to engagement in rumination at the subsequent time point; rumination, in turn, had a strong impact on mood, causing emotional inertia. 12 Those authors also found that rumination reduced positive affect but did not increase negative affect or alter self-esteem; coping and risk-taking, in turn, increased positive affect but did not alter negative affect; only coping resulted in increased self-esteem. 12 The study above is in line with the hypothesis proposed by Dempsey et al. 26 in that rumination may contribute to deterioration of hypomanic and manic states by aggravating or sustaining them (tendency to keep thinking about the positive qualities of the self, positive affective experiences, and favorable life circumstances). Some recent neuroimaging studies have supported the hypothesis that rumination may maintain the mood state by establishing a vicious cycle. [27] [28] [29] In patients with BD, rumination in response to positive affect may be associated with the prospect of reward, initiating a thinking cycle that may maximize reward. 4, 7 Neurobiological findings about rumination in BD From a neurobiological point of view, there is little information in the literature on rumination in BD patients; the findings published thus far cover different mental disorders, particularly depression. In patients with BD, the main areas showing functional abnormalities are those responsible for controlling emotion and executive functions, namely, areas of the prefrontal cortex (medial, dorsolateral, anterior cingulate, and orbital regions) and amygdala. 25 All these areas have shown abnormalities in studies investigating associations between rumination and neuroimaging findings 4, 30 in other disorders, in line with the hypothesis that executive dysfunction may underlie the tendency to ruminate in patients with BD. 13, 16 Moreover, several studies have confirmed that rumination has negative impacts on cognitive function in mood disorders, particularly on autobiographical memories, inhibition, cognitive flexibility, problem solving, working memory, and attentional bias towards negative -There was no correlation between rumination, sex, and IQ.
-Risk-taking and active coping were associated with manic symptoms.
-Methodological limitation: multiple groups with small sizes.
* Age at first treatment; Rev Bras Psiquiatr. 2015;000(000) Bipolar rumination: a systematic review content. 30 It has been suggested that patients with BD may ruminate because they face difficulties inhibiting their persistent self-focusing behavior 11 -a process that may have been initiated in response to both positive and negative affect, 12 and needs extensive research. Rumination has also been associated with changes in memory processing 8 and prefrontal activity. 31 Brainderived neurotrophic factor (BDNF) is known to play a role in hippocampal function, synaptic plasticity in stressful situations, and prefrontal cortex functioning. 32 Preliminary evidence has pointed to reduced hippocampal volume and abnormalities in cognitive function primarily in the dorsolateral prefrontal cortex of patients with depression and BD. 30 Nolen-Hoeksema et al. suggested that rumination could be a mediator between the BDNF gene and depressive symptoms. 4 Another study involving 200 female adolescents and their mothers found that the Val/Val genotype of BDNF was associated with more frequent rumination and childhood-onset depression when compared with the Val/Met genotype; in mothers with adult-onset depression, in turn, Val/Met was more strongly associated with depressive symptoms. 33 In both the adolescents and their mothers, rumination was a significant mediator of the relationship between the Val/Val and Val/Met genotypes with regard to the presence of depressive symptoms.
Relation between mental function and rumination in BD
According to Michl et al., rumination may be the mechanism mediating the relationship between exposure to stressful situations and the onset of an internalizing psychopathology, based on the findings that 1) both rumination and traumatic events predict the onset of depression and anxiety; and 2) the brain region activated in a situation of social rejection is the same activated during self-reflection. 34 A recent study on rumination involving euthymic, BD, and depressed patients found a pattern in the use of emotional regulation strategies in patients when compared with healthy controls, namely, an increased use of maladaptive strategies and a reduced use of adaptive ones, suggesting a predisposition to relapse and to worse prognosis in the course of illness. 17 Within this perspective, Ghaznavi & Deckersbach 25 proposed a link between executive dysfunction (especially executive inhibitory control) and the tendency to ruminate in patients with BD in both depressive and manic states. According to those authors, evidence shows the same association in patients with major depression when compared with healthy controls. Taken together with the results of another article, 30 these findings underscore the difficulty in changing the focus of attention and performing new tasks among patients who engage in ruminative thoughts vs. those who do not. 25 These findings, however, are preliminary and need to be replicated.
Discussion
The study of rumination mechanisms in BD patients is a new area of interest. At this point in time, rumination seems to be present in all phases of the illness and to be independent of mood state in BD patients, but shows a close relationship with mood as well as with executive functions. It is possible that rumination has a negative impact on cognitive function, associated with executive dysfunction, particularly inhibitory control and the tendency to ruminate.
Rumination is not exclusive to patients with major depression. An experimental study has shown that inducing rumination in the context of a stressful situation has led to anxious and depressive moods among adolescents and adults, respectively. 35 Another study of rumination induction failed to find differences between patients with BD and healthy controls. 18 A recent study in which rumination was induced in patients with BD and depression found that rumination increases positive affect in both types of patients. 9 An association has also been found between frequent rumination and sexual violence. 36 Gruber et al. reported that rumination and worry were transdiagnostic symptoms between BD and insomnia. 21 In a study conducted by Watkins, rumination was associated with an increased chance of comorbidity with generalized anxiety, obsessive compulsive, and borderline personality disorders in depressed patients. 37 A recent study compared rumination in patients diagnosed with major depression, BD, panic disorder with or without agoraphobia, generalized anxiety disorder, and obsessive compulsive disorder. The lowest level of rumination was found in agoraphobic patients; surprisingly, patients with BD showed levels of rumination similar to those of depressed patients. 16 Another recent study, despite some important methodological limitations, hypothesized that rumination may explain the anxiety observed in patients with a history of mania and hypomania. 15 More recently, two studies compared social cognitive skills in patients with schizophrenia and BD and in healthy controls. In both studies, the authors found that patients with schizophrenia ruminate and blame themselves more frequently than the other two groups. 13, 14 In the first study, 13 patients with schizophrenia and BD used adaptive strategies (e.g., putting into perspective) less than controls. Moreover, rumination in patients with BD predicted symptoms of depression, anxiety, and hypomania; little use of positive reappraisal of negative events also predicted the same symptoms. The authors suggest these findings may be associated with cognitive deficits in frontal executive functions (e.g., the ability to interpret a negative emotional stimulus using reappraisal strategies), as already demonstrated in schizophrenia and BD. 13 In the second study, patients with schizophrenia were found to use more projection than those with BD, and the latter were found to blame themselves more often and to engage less in positive reappraisal when compared with controls.
14 On the facial expression of emotion test, patients with schizophrenia scored worse than those with BD. The authors suggested that these findings evince poor use of social cognitive skills in these disorders, due to a possible dysfunction in the frontolimbic neural circuitry. 14 Based on these findings, we may state that rumination does not appear only after the experience of negative affect or a stressful life event. Rather, rumination seems to be a phenomenon independent of mood state, but closely related to mood and to executive function, despite the lack of data on ruminations and mixed state. In fact, one could speculate that rumination is a phenomenon present in several mental disorders. Depending on genetic load, environmental characteristics (holding, learned behavior), intelligence, and resilience, patients faced with a ruminative thought after a stressful life event may have as an outcome either the resolution of the situation, with tolerance to its external and internal effects, or the development of phobic, anxious, obsessive, depressive, manic, escapist (binge eating/drinking, self-mutilation), and psychotic symptoms. We hypothesize that an association may exist between rumination and reduced hippocampal volume and high cortisol levels (altered cortisol cascade), possibly as a result of genetic load, based on the reported association between stress and rumination 35, 38 and between stress/anxiety/depressive symptoms and increased cortisol levels 30 ( Figure 2 ). In line with Watkins's proposition that rumination is a transdiagnostic symptom, 37 it may be worth studying as a dimensional symptom, i.e., within the recent research paradigm launched by the National Institute of Mental Health with the Research Domain Criteria (RDoC) project. 39 In this scenario, rumination could relate and integrate cognitive, emotional, and behavioral components with advances in genetic, molecular, cellular, and neural circuit research. 40 The goal would be to help improve the current diagnostic model, which groups symptoms into clusters and disregards the neurobiological bases of symptoms. 41 Obviously, this hypothesis requires wide further investigation before it can be considered valid and reliable. Finally, achieving a better understanding of rumination may shed light on possible contributions towards the tendency to ruminate and may improve definitions of diagnostic boundaries and overlaps across mental illnesses in which rumination occurs. Learning more about mediators of the development of comorbidities, or about the factors involved in a poor prognosis, may be extremely important to help define initial treatment targets, which could be monitored and treated whenever present, thus improving executive, attentional, and memory functions. Figure 2 The rumination process in mental disorders. AGO = agoraphobia disorder; BD = bipolar disorder; GAD = generalized anxiety disorder; MD = major depression; OCD = obsessive compulsive disorder; PD = panic disorder; PTSD = posttraumatic stress disorder; SCA = schizoaffective disorder; SCHIZ = schizophrenia.
